The present study is the first attempt on the phytochemical analysis of Lasiurus scindicus Henrard, a desert-specific plant, through high-performance thin-layer chromatography (HPTLC). This technique has been developed and validated for the quantification of stigmasterol from 48 extracts, i.e., four different plant parts with six different solvents (butanol, chloroform, ethanol, hexane, methanol, and petroleum ether) in both hot and cold macerations. This method gave the best resolution bands with toluene-methanol-formic acid ( ). It follows in the decreasing order of stem ˃ leaves ˃ inflorescence ˃ roots. The recovery value was 99.33% which shows excellent accuracy of the method. From the obtained results, it is concluded that cold extractions are best for the plant taken under investigation. HPTLC was found to be a simple, precise, accurate, and convenient method for the rapid screening of steroids in L. scindicus.
Introduction
Stigmasterol is an unsaturated phytosterol. It is found in plant fats or oils of soya bean, calabar bean, rape seed, vegetables, legumes, nuts, and unpasteurized milk. Various studies on stigmasterol indicate that it helps in the prevention of certain N. Kaur and R.C. Gupta, Department of Botany, Punjabi University, Patiala, 147002, India. E-mail: navjot21188@gmail.com cancers including ovarian, prostrate, breast, and colon cancers. Several authors reported stigmasterol as an antioxidant, thyroid inhibitory, antiperoxidative, hypoglycemic [1, 2] , hypocholesteromic [3] , and anti-inflammatory activity [4] . The objective of the current work was to develop a high-performance thin-layer chromatography (HPTLC) method for the estimation of stigmasterol in different plant parts along with the different solvent extracts of Lasiurus scindicus Henrard.
L. scindicus Henrard, commonly called Sewan grass, is one of the important fodder plants. It is the primary grass of the extremely arid parts of Jaisalmer, Barmer, and Bikaner districts of western Rajasthan in the Indian Thar Desert. It flourishes well under moisture stress on sandy plains, low dunes, and hummocks of this region. It is one of the most productive and suitable grasses for arid and semi-arid zones. Such types of species like Sewan grass are very important in arid environments because they provide forage which maintains both wild mammals and livestock, and soil cover [5] . As it is a protein-rich plant, it accumulates a higher milk production in dairy animals.
L. scindicus is a perennial grass. It is a bushy, multibranched desert grass with ascending, erect wiry stems. The inflorescence is silky with long raceme bearing hairy spikelets.
Recently, Ara et al. [6] analyzed the antimicrobial properties, by using gas chromatography-mass spectrometric (GC-MS) technique, from Saudi Arabia on leaf extracts of seven different plants of different families, one of them being L. scindicus of the Poaceae family. After that, the methanol extracts of some plants native to Saudi Arabia including L. scindicus have been reported to have antidiarrheal activity and phytochemical constituents. Al-Harbi et al. concluded that the antidiarrheal activity is induced due to the presence of their high content of flavonoids, phenolics, and tannins [7] . Prasad et al. [8] compiled a review that revealed a wide number of phytochemical constituents isolated from the medicinally important plant Cymbopogon jawarancusa. It is used for various diseases like skin problems, vomiting, abdominal tumors, unconsciousness, and fever. Various authors have made their contributions on phytochemical analysis and traditional medicinal knowledge of grasses like Cynodon dactylon [9, 10] . 
Preparation of Standard Stock Solution
Accurately weighed reference standard stigmasterol (5 mg) was transferred to a 10-mL volumetric flask and dissolved in 5 mL methanol (1 mg/1 mL). The stock solution was ready to use for HPTLC.
Sample Preparation of L. scindicus
Fresh plant material was washed under running tap water, air dried, and ground to form fine powder. An amount of 5 g of the dried powder of each plant part (leaf, stem, inflorescence, and root) sample was extracted with different solvents (butanol, chloroform, ethanol, methanol, hexane, and petroleum ether). Both hot and cold extractions were prepared. Hot extractions were prepared by using Soxhlet extractor for 6 h, whereas cold extractions were made by placing the solvents and the dried powder at room temperature for 72 h. The obtained extracts were then filtered and concentrated using rotary vacuum evaporator and then lyophilized with a Lyophilizer-FD-3 (Allied Frost, New Delhi, India). The obtained lyophilized powder of samples was accurately weighed and then dissolved in methanol (1 mg/1 mL). These solutions were used as test solutions for the HPTLC analysis.
HPTLC Analysis
The HPTLC analysis was performed using pre-coated silica gel 60 F 254 aluminum plates. Linomat V autosampler was used for the spotting of standards (stigmasterol, 2, 4, 6, 8, 10, and 12 µL each) and sample solutions (10 µL each), operated with 6-mm band length; the distance between the tracks was 10 mm, and the distance from the bottom of the plate was 8.0 mm. The plates were developed to a distance of 75 mm in a CAMAG twin-trough chamber pre-saturated with the mobile phase toluene-methanol-formic acid (9:1:0.3, v/v) for 25 min. The developed plates were air-dried and derivatized because the steroids are visualized after derivatization. Derivatization of the plates was done with anisaldehyde-sulfuric acid reagent and heated at 150°C for 4-5 min. The dried plates were scanned for densitometry measurement, spectra recording, and data processing at absorbance of wavelength 530 nm to record their ultraviolet (UV) spectra and for obtaining wavelength of maximum absorption (λ max. ). The absorbance-reflectance measurement mode was used at a scan speed of 20 nm s −1
. The plates were photographed in the visible mode after derivation. The peak areas were recorded for all the concentrations. The calibration curve of the standard was plotted as peak area versus concentrations of standard applied in triplicates.
Calibration Curve of Stigmasterol
The calibration curve of stigmasterol was established with a standard concentration range from 2 to 12 µg spot −1 from which the content of stigmasterol compound was determined. A stock solution of the standard stigmasterol (1 mg/1 mL) was prepared in methanol. Different concentrations of stock solution 2, 4, 6, 8, 10, and 12 µL were spotted on the HPTLC plate in triplicates using an automatic sample spotter. Each concentration peak area was plotted against the concentration of stigmasterol spotted. The linear regression of the standard curve was determined with 
Method Validation
Linearity was studied by applying different concentrations of standard stock solutions (2-12 µL of reference standard). The calibration curve was developed by plotting peak area versus concentrations with the help of the winCATS software. The areas of peaks were treated by least square linear regression analysis. The limit of detection (LOD) and limit of quantification (LOQ) were calculated using the following equation where SD is the standard deviation and S is the slope of the curve.
LOD = 3.3 (SD / S)

LOQ = 10 (SD / S)
The values were taken in triplicate to determine the accuracy of the study at different levels and different concentrations of the standard solutions.
The specificity of the method was ascertained by determining the peak purity of stigmasterol assessed by comparing the overlaid UV spectra at peak start, peak apex, and peak end positions of the spot. Good correlation (R 2 = 0.99) was obtained between the standard stigmasterol. Statistical analysis was performed by using Microsoft Excel 2007 which includes computation of linear regression analysis, mean, standard deviation, and relative standard deviation.
Results and Discussion
No report has been published yet on the quantification of stigmasterol in the leaves, stem, inflorescence, and roots of L. scindicus by HPTLC. Hence, the objective of our study was to analyze the quantification of marker compounds by a simple and precise method. During the present research, six solvents (butanol, chloroform, ethanol, hexane, methanol, and petroleum ether) were selected for each plant part. The TLC procedure was optimized with a view to quantifying the herbal extracts in different solvents. Different mobile phases were tried, but the best results, i.e., sharp and well-defined peaks, were obtained in toluenemethanol-formic acid (9:1:0.3, v/v) with pre-saturated chamber for 20 min. The selected mobile phase enabled satisfactory separation of the components of the mixture investigated for shape, dense, compact, and well-shaped spots (Figure 2) . For the fingerprint analysis, the plates were derivatized with freshly prepared anisaldehyde-sulfuric acid and were heated at 110°C for 5 min (Figures 4-7) . The spots were identified with peak resolution at a retention factor (R F ) of 0.27 (Figures 8-11 ). These plates were scanned for densitometry measurement, spectra recording, and data processing at absorbance of wavelength 530 nm to record their UV spectra and for obtaining the wavelength of maximum absorption (λ max ) (Figures 12-15 ).
The quantitative analysis of stigmasterol with different solvents of successive hot and cold extractions of different plant parts is given below ( Table 1) . The leaves show the maximum amount of stigmasterol in cold hexane, stem, and inflorescence in ethanol and the roots in cold chloroform extracts, i.e., 52.07, 93.81, 59.34, and 5.82 mg g −1 of dry weight, respectively. Stigmasterol was not detected in hot methanol extract and in neither hot nor cold petroleum ether extracts of roots ( Table 1 ). The comparison of hot and cold extractions by taking the highest values, one from the hot and one from the cold extraction of each plant part is given in the bar diagram (Figure 3) . From the results obtained, it is concluded that cold extractions are the best for stigmasterol quantification for the plant L. scindicus through HPTLC.
The developed HPTLC method for the estimation of the referred standard, i.e., stigmasterol, was validated using the following parameters according to the ICH guidelines. The linearity range was calculated with acceptable correlation coefficients. It exhibited good linearity between concentration and peak area ( Table 2 ). The linearity range of stigmasterol was 2-12 ng spot −1 with a correlation coefficient (R 2 ) value of 0.99. The LOD and LOQ were 0.07 ng and 0.2 ng, respectively, which indicate the adequate sensitivity of the method ( Table 2 ).
The identity of the bands in the sample extracts was confirmed with R F values and overlaid UV absorption spectra with the respective standard. The correlation coefficient (R 2 ) of the standard curve is 0.99. The absorption spectra of the standard and the corresponding spots present in different extracts of different plant parts were matched exactly which indicates no interference by the other plant constituents. The purity of the bands due to the presence of stigmasterol in the sample extracts was confirmed by the overlaid absorption spectra recorded at the start, the middle, and the end positions of the band in the standard and sample tracks.
The quality assessment and species authentication of traditional medicines have been made with chromatographic fingerprint analysis. It is a rational and feasible approach for traditional medicines. It is used to construct specific patterns of recognition for medicinal plants. The developed fingerprint pattern of components can then be used to determine not only the absence or presence of the markers of interest, but also the ratio of all detectable analytes. Although HPTLC has a few limitations like limited developing distance and lower plate efficiency in comparison to HPLC and GC, it is still an effective tool for the quality evaluation of medicinal plants due to its simplicity, low cost, and low requirements. It has been successfully utilized to develop the chromatographic fingerprint for medicinal plants.
Conclusion
In the present study, a first attempt has been conducted on phytochemical analysis of Sewan grass (L. scindicus) from the Indian hot desert by high-performance thin-layer chromatography. A novel method for HPTLC analysis has been presented along with the results that show the presence of stigmasterol in the different plant parts. Presently, we concluded that cold extractions with different solvents show better results than hot extractions for the plant L. scindicus. It may be due to the use of the high temperature in hot extractions that may degrade some amount of the stigmasterol compound present in the plant. 
